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Dendritic arbors are complex neuronal structures that receive and process synaptic inputs. One mechanism regulating dendrite differentiation is Semaphorin/Plexin signaling, specifically through binding of soluble Sema3A to Neuropilin/PlexinA co-receptors. Here, we show that the protein Farp1 [FERM, RhoGEF (ARHGEF), and pleckstrin domain protein 1], a Rac1 activator previously identified as a synaptogenic signaling protein, contributes to establishing dendrite tip number and total dendritic branch length in maturing rat neurons and is sufficient to promote dendrite complexity. Aiming to define its upstream partners, our results support that Farp1 interacts with the Neuropilin-1/PlexinA1 complex and colocalizes with PlexinA1 along dendritic shafts. Functionally, Farp1 is required by Sema3A to promote dendritic arborization of hippocampal neurons, and Sema3A regulates dendritic F-actin distribution via Farp1. Unexpectedly, Sema3A also requires neuronal activity to promote dendritic complexity, presumably because silencing neurons leads to a proteasome-dependent reduction of PlexinA1 in dendrites. These results provide new insights into how activity and soluble cues cooperate to refine dendritic morphology through intracellular signaling pathways.
MODEL MODEL
1. Farp1 interacts with PlexinA1 in the brain.
• Farp1 and PlexinA1 are expressed in developing neurons, where they colocalize in dendritic shafts and form a complex.
• The soluble cue Sema3A requires Farp1 to increase parameters of dendritic complexity including tip number and total dendritic branch length. TTX treatment blocks dendritic regulation by Sema3A.
• Sema3A and Farp1 coordinately regulate F-actin distribution in dendrites.
• Surprisingly, activity blockade leads to proteasomal degradation of the Sema3A receptor PlexinA1. Consistent with a necessity for PlexinA1 in Sema3A-driven dendrite maturation, elevated levels of PlexinA1 can rescue total dendritic branch length after TTX treatment.
• Although Farp1 participates with Sema3A in activity-dependent dendrite development, Farp1 is sufficient to drive complexity even in the presence of TTX, consistent with Farp1 acting downstream of Sema3A.
Sema3A promotes dendritic complexity through a Neuropilin-1/PlexinA1/Farp1 signaling axis.
4. Activity blockade leads to proteasomal degradation of PlexinA1.
3. Farp1 and Sema3A control F-actin distribution.
5. Farp1 is sufficient to promote dendritic complexity in the absence of activity.
METHODS METHODS
NIH Grant R01 DA018928 (to T.B.) and National Science Foundation Graduate Research Fellowship DGE-0644492 (to L.C.). We thank Drs. T. Tran and R. Giger for discussions, Y. Lei for technical assistance, and the Yale CNNR program for access to its imaging core. Studies in multiple systems have demonstrated that neuronal activity plays key roles in dendritic development. However, It is unclear whether activity and soluble cues like Sema3A may engage distinct pathways to selectively control different aspects of outgrowth and branching, or converge on the same regulators to shape dendritic development in concert. Among suspected Semaphorin signaling components is Farp1, a dendritically localized cytoskeletal signaling molecule which we recently identified as a robust regulator of excitatory synapse formation downstream of the adhesion protein SynCAM (Cheadle and Biederer, 2012) . Here, we show that Farp1 and the Sema3A receptor PlexinA1 colocalize and interact in dendrites, and characterize a mechanism whereby Sema3A and Farp1 coordinate to drive dendritic complexity in an activity-dependent manner (Cheadle and Biederer, 2014) .
A.
Western blot of neuronal lysates shows activity-dependent proteasomal mechanism of PlexinA1 degradation. Scale bars, 5 μm. B,C. Quantitative immunostaining of TTX-treated neurons. D. Grayscale images of neurons treated with TTX and overexpressing PlexinA1. Scale bars, 15 μm. E, F. Quantification of total and average dendritic branch length. Elevated expression of PlexinA1 rescues the TTX-dependent simplification of dendritic arbors.
A. Representative grayscale images of the F-actin marker UtrCH-Cherry demonstrating the regulation of dendritic actin by Sema3A and Farp1. Scale bar, 5 μm. B. Quantification of the ratio of F-actin in the dendrite versus proximal spines.
A.Tiled grayscale images of neurons overexpressing Farp1. Scale bars, 15 μm. B-D. Quantification of dendritic tips and total and average branch length demonstrate activity-independent ability of Farp1 to drive dendritic complexity. E, F. Magnified images of dendrites and quantification of increased spine densities after Farp1 overexpression. Scale bars, 5 μm.
